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Abstract 
The benthic macroinvertebrate fauna and 15 water quality 
parameters for five sites on Lake Charleston, Coles County, Illinois 
were· examined for 26 weeks from March 14 through September 5, 1974. 
None of the water quality.parameters studied showed sufficient 
deviations at any particular area on the lake to merit demnrcated 
water quality zonation. The lake, with its continuous mixine and 
shallow depth, represented a fairly stable and continuou:J environment. 
The benthic macroinvertebrate fauna was determined as fairly diverse and 
some indication of seasonal variation was apparent. No significant 
compositional variation over different areas of the lake was found, 
also indicating a continuous environment. 
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Introduction 
Water is the most impJrts.nt substance necessary for sustenance of 
life. Without water there could be no life as we know it. For this 
rea,son, water should be of paramount importance to man and his under­
standing of life functions. 
,Man in ever-increasing numbers has spread to all corners of the 
globe, and with him the need for more water has drastically increased. 
Man uses water directly for drinking, industry, and agriculture (to 
mention only a few of the demands put on the earth1s supply) . The 
extreme importance of water for life, a.�d the increasing need for water 
in man's activities leaves little leeway for its abuse. 
Unnecessary misuse of natural waters, however, has occurred in 
the past and continues unabated today. This misuse represents only one 
of the ways in which man's activities have modified the ecology of fresh, 
estuarine, and marine waters. Russell-Hunter (1970) observes th'3.t by 
far the greatest part of such human activities as dredging, daJmning, 
water abstraction and drainage modification tends to reduce the pro­
ductivity of the waters concerned. While much of this must be accepted 
as a by-product of economic progress, there remains one type of human 
activity which can never be fully j ustified: the pollution of natural 
waters (Russell-Hunter, 1970). 
Water pollution is defined as the introduction of substances which 
make the waters abnormal in comparison with natural, undisturbed waters 
(Reid, 1961). Pollution can have drastic effects on an aquatic eco­
system. Alteration of the physical and chemical components of a body 
of water can indeed, affect the biological productivity of that water. 
This in turn, may induce changes in the community composition of the 
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various aquatic habitats contained within that body of water. In 
essence, a once delicately balanced ecosystem may be altered in such 
a way as to seriously affect its normal functioning. The aquatic 
faunas, just as other biological components of a lake or stream, 
play an integral part in biological balance. These faunas are like­
wise susceptible to pollution. Therefore, studies on the fauna of an 
aquatic ecosystem may yield important facts concerning the effects of 
pollution. 
Reid (1961)  formulated three ways in which pollution can come 
about: 1 ) by the introduction of erosional products, such as silt 
and clay, through improper control of soil in mining, timbering, and 
agricultural practices, 2.) through inflow of materials from industrial 
operations which directly poison the water or otherwise make the 
environment uninhabitable, and 3) by dumping of domestic sewage 
or industrial substances which enter into biological processes, re­
sulting in a lowering of the oxygen concentration below the limits of 
tolerance for the original inhabitants. 
Pollution, particularly the addition of domestic sewage, fert­
ilizers, and industrial wastes, brings about accelerated eutrophication. 
Eutrophication is a natural phenomenon dealing with the aging process 
of a body of water, or as Lund (1967) states 11the process of becoming 
rich in dissolved nutrients". Accelerated enrichment causes undesirable 
changes in plant and animal life, reduces aesthetic qualities and eco­
nomic value of the body of water, and threatens the destruction of 
precious water resources (Hasler, 1969). Effects of this enrichment 
'process on a water body may be profus8 algal growth, an increase in the 
amount of decaying organic matter with an accompanying oxygen decrease, 
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hydrogen sulfide gas increase (toxic levels ) , and fish kills. Eutro­
phication and nutrient control is of rapidly growing interest to 
limnologists ( sawyer, 1968) . 
Man's realization of the importance of the aquatic environment 
has prompted studies into the interrelations between the components 
of an aquatic ecosystemo Early workers (Forbes, 1893; Kofoid, 1898; · 
and Eggleton, 1931) laid the groundwork for later more detailed 
studies. The need for a better understanding of limnological processes 
resulted in such classical limnological texts as Welch ( 19 52) ,  Hutchin­
son ( 1957)  and Ruttner ( 1963 ) . Other important works dealing with 
inland waters include Reid ( 1961) and Hynes ( 1970 ) . 
The need for water s�udies is apparent since stream and lake 
surveys are conducted to investigate flood control, irrigation effects, 
power production, fish and wildlife production and protection, and 
pollution effects. Water chemistry and biological indices are major 
factors in determining water quality of an aquatic ecosystem. Investi­
gations monitoring certain water chemistry parameters are becoming 
important. Ellis et al. ( 1948) , MacKenthum ( 1969 )  and Harmeson and 
Larson ( 1969). have done considerable research concerning water quality. 
MacKenthum ( 1969 )  considers temperature, dissolved oxygen, pH, light, 
flow, silt, oil, major nutrients, micronutrients, and toxic substances 
as the constituents of water quality analysis. The United States 
Environmental Protection Agency ( 1973 ) has proposed to set up water 
quality criteria as guidelines. These criteria often place limits 
on the various water quality parameters. The E. P. A. limits are 
·set with potable water and a healthy aquatic community as objectives. 
Standard Methods (A.P.H.A., 1971) outlines current analytical procedures 
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to determine water quality. 
The benthic fauna plays an important role in the overall ecology 
of a lake. The distrubution and community structure of the benthos 
often yields an accurate indication of the biological processes at 
work within the lake. A variety of environmental complexes exist in 
benthic communities due in part to different substrate types the grada­
tion from shallow to deep water. Composition of benthic communities is 
controlled by a number of factors, some of which appear to act directly 
to limit certain species (Reid, 1961). Other subtle influences suggest 
interrelationships to several factors. Reid observes that among the 
more conspicuous and better understood of these factors influencing 
the kinds of organisms an� their distribution in lake bottoms a.re 
1) physico-chemical features of water such as temperature, transparency, 
dissolved oxygen content, water currents, and 2 ) biological factors 
such as food, protection, and competition. 
MY study is an attempt to determine the interrelationships between 
the various water quality para.meters, and to study the composition of 
the benthic fauna of Lake Charleston, Coles County, Illinois. This 
work entailed construction and implimentation of consistent sampling 
program with the ultimate aim of presenting useful data that may provide 
groundwork for future, more detailed work in this area. 
Description of Lake Charleston and the Sampling Sites 
Lake Charleston, Coles County, Illinois, is located 1 .5 miles 
southeast of Charleston in T. 12N, R. 9-lOE, Sec. 19, 24, and 25, and 
is owned by the City of Charleston. The lake is characterized by the 
"following: 
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Surface acres: 358.6 
Maximum depth: 14.0 feet 
Average depth: 3.0 feet 
Acre feet water: 1,075.8 
Miles shoreline: 5.6 
Estimated volume: 350 million gallons 
Lake Charleston is used as a source of water for the City of 
Charleston and for recreation. The lake was-formed in 1947 by 
damming the Embarrass River. The Embarrass River system drains 
mainly agricultural land in east-central Illinois. Due to the shallow 
depth, the lake could be classified as a third class lake, i.e., not 
thermally stratified (Hutchinson, 1957). A diagram of the. lake and 
the locations of the five sampling sites appear in figure 1. 
Site #1 lay off the docks of private homes in the upper reaches 
of the lake near where the Embarrass River enters. The site is 
approximately 5.0 meters from shore in 1.0-1.5 meters of water. The 
substrate of site #1 was composed of mud and detritus. American water 
willow, Diantheria americana (Acanthaceae) and creeping water primrose, 
Jussiaea repens (Onagraceae) were dominant emergent plants in the 
shallows at this site. Site #1 was chosen in the upper portion of the 
lake to determine any differences that might occur between this parti­
cular area and sites on the lake proper. 
Site #2 is located on the northeast side of the lake near the 
water-intake pumping station. Water depth at site #2 was approximately 
1.0 meter with the actual site being 5.0-10.0 meters from shore. The 
substrate at this site was composed mainly of mud and detritus with 
Diantheria americana and Jussiaea repens the dominant emergent plants. 
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Fig. 1. Diagram of Lake Charleston, Coles Connty, Illinois, showing 
the five sampling sites used in the study conducted March 14 through 
September 5, 1974. 
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Site #3 is located on the eastern shore of the lake approximately 
10.0 meters offshore. The water depth at this site averaged 1.0 metero 
Since site #3 is the shallowest of all the sampling sites, it exhibits 
the largest accmnulations of emergent vegetation. As in site #1 and 
#2, Diantheria americana and Jussiaea repens were the dominant plant 
species. The substrate at site #3 contained less mud and more sand 
and detritus than sites #1 and #2. 
Site #4 is on the southern shore of the lake at the base of a 
cliff with runoff from residences. The site was offshore about 5.0 
meters in 1.5 meters of water. The substrate was mostly mud mixed 
with detritus. Only Diantheria americana dominated at this site. 
Site #5 lay near one .of the two dams on the south shore. Depth 
at this site ranged from 1.0 to 1.5 meters. Distance from shore for 
this site was about 3.0 meters. The substrate at this site consisted 
of sand with only a very small amount of mixed detritus. This type 
of bottom material differed greatly from the other four sites. 
Diantheria americana and Jussiaea repens were both sparce at the site 
due to the lack of shallow water. 
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Methods 
The benthic faUJ.!a and water quality of five stations of Lake 
Charleston, Coles County, Illinois, were sampled weekly for 26 weeks 
beginning March 14, 1974 and extending through September 5, 1974. All 
samples were collected between 7:00 A.M. and 10:00 A.M. to minimize any 
sources of bias arising from differences of time in collecting samples. 
]enthos 
Qualitative benthic samples were taken at five sites on the lake 
for the entire sampling period. The sites were approximately 5-10 meters 
from shore in about 1.0-1.5 meters of water. Due to the shallowness of 
the lake, samples could be obtained by merely wading out to the desired 
area. 
Bottom material was collected with a wooden-handled aquatic dip net 
of fine mesh. Approximately 10 centimeters of the upper layer of substrate 
was removed with the net by scraping it along the bottom. The bottom 
material was then washed on site in a #30 mesh (0.59 mm) wash bucket to 
remove the .excess silt and debris. The remaining material and organisms 
were transferred to a large container. This process was repeated until 
approximately 1500 cubic centimeters of substrate had been processed per 
sample site. A small amount of water was then added to the containers· 
for transport to the laboratory. 
In the laboratory each sample was washed through three sieves of 
the U.S. Standard Sie:ve Series, #8, #16, and #3.J with mesh openings of 
2.38 millimeters, 1.10 millimeters, and 0.59 millimeters respectively 
(Welch, 1948 ). The contents of each sieve were transferred to separate 
·1arge, white porcelain pans for examination. The organisms were removed 
with pipettes and fine forceps and preserved in via�s of alcohol-formalin-
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acetic acid ( AFA ) for later identification. 
On September 14, 1974, five benthic samples were taken at offshore 
sites in midlake and river channel areas to determine if there were any 
differences in species composition. 
General references used for identification of the organisms were 
Pennak (1953), Usinger (1956), and Ward and Whipple (1918). Spacific-
references used were: for Ep!1emeroptera, Burks (1953) ; for Trichoptera, 
. . 
Ross (1944); and for Chironomidae, Mason (1973), Curry (1961), and Wirth 
and Stone (1956). Confirmation and identification of some of the more 
difficult groups were achieved with the assistance of various experts 
cited in the acknowledgements. 
Water Quality 
Water samples were taken by the grab method at the surface at each 
site in one-liter polyethylene bottles. Each sample was tightly capped 
and placed in a cooler for transport to the laboratory. 
A total of 15 water quality parameters were determined for each 
sampling site. For weeks one through seven, air and water temperature, 
dissolved oxygen (DO), biochemical oxygen demand (EOD), hydrogen ion 
concentration ( pH ) , turbidity, phenolphthalein alkalinity, total alka-
linity, carbon dioxide ( C02 ) , calcium hardness, and total hardness were 
determined for each site. For weeks eight through 26 nitrates, nitrites, 
ammonia, soluble ortho-phosphate, and total phosphorus were also deter-
mined in addition to the aforementioned para.meters� 
Air temperature and surface water temperature were taken at the 
time of collection with a Sargent-Welch centigrade-fahrenheit thermometer. 
- D8 was determined using a YSI (Yellow Springs Instrument Company, Inc. ) 
Model 54 oxygen meter. BOD was determined according to Standard Methods 
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(A.P.HoA., 1971). A Fisher Accumet Model 19 pH meter was used to 
measure hydrogen ion concentration. Turbidity was analyzed on a 
DR-EL/2 Hach Spectrophotometer utilizing Formazine Turbidity Units 
(FTU). Phenolphthalein alkalinity, total alkalinity, C02, calcium 
·hardness, and total hardness were all determined using a DR-EL 
Portable Water Engineer's Lab manufactured by Hach Chemical. Company, 
Ames, Iowa. 
Nitrite, nitrate, ammonia and soluble ortho-phosphate were 
determined at the Illinois Natural History SUrvey, Urbana, Illinois, 
. on a Technicon CSM-6 Autoanalyzer System. Total phosphorus was also 
determined at the Illinois Natural History SUrvey, but according to 
Standard Methods (A.P.H.A9, 1971). 
All para.meters examined were determined in the laboratory within 
four hours after collection of .the samples except those analyzed at 
the Illinois Natural History Survey, which were frozen upon collection 
and transported to the Survey for later analysis. 
Results 
Data for the water quality parameters are presented in Figures 2 
through 46 and Tables 1 and 2. Data for the benthic macroinvertebrate 
fauna appear in Table 3 and in the appendix. 
28.0 
24.0 
zo.o 
� M.D 
fZ.O 
8.o 
+.o 
0 
-2.0 
2.B.o 
2+.o 
20.0 
� ,,.0 
IZ..O 
e.o 
4.0 
0 
-2.0 
-11-
fl 1 z• :s1 e ,,,. u zs , 11 1� U. Ii � ,; iv Jo I} . Moy :Tune. J"uly Au3. Sept 
Sq""plutj Dates 
Figo 2o Air temperature (0c) for sites #1 and #2 for the srunpling 
period (26 weeks) March 14 through September 5, 19740 
Z8.o 
z.tO 
20.0 
� 16.0 
1z.o 
8.0 
4.0 
0 
-Z.o 
'Z.9.o 
24.0 
20.0 
9.0 
4.0 
0 
-z.o 
,,, zo .& I/ /I If Z6 , 
MQ ,.c.h Apr-i I 
If ZO l8 'I II If Z6 3 
MQrch Apr-ii 
-12-
A;,. Te m pe.rature - Site otP-3 
II ti Z'I JI '" Zf ZB ' II /f 26 z 
Mc:iy 
. SQ.,. p I irij 
J"une. 
Dates 
Air 
II II 1.Y 3/ 8 IY 1.1 Z 
M Cly .Tune 
Saniplin3 Oa+es 
J'u ly 
3 IZ. If 1.6 
:Tu ly 
" 17 Z1' '° Ii 
Au3· Sep+· 
" 11 ll/ 10 6 
A u3 Sep"t. 
Fig. 3. Air temperature {0c) for sites #3 and #4 for the sampling 
period (26 weeks) March 14 through September 5, 1974. 
Z8.0 
Zf.0 
zo.o 
� lf>.O 
11.0 
8.0 
4.0 
0 
-z.o 
. -13-
A;,. Tewiperotura -S;+c.+1=5 
/II 11> ZB II II 1' Z' .1 II 18 1.# 31 g If ZI Z8 3 /Z. l'I Z6 Z 'f 17 Zif 30 6 
Mo·elt Ap,..il May :Tutte. J'uly Au,. S&fT. 
Sampliri3 DQ+es 
Fig. 4o Air temperature -(°C) for site #5 for the �ampling period 
{26 weeks) March 14 through Septemb�r 5, 1974. 
21.0 Wa+e.r Te�perat"ure - Site.#.1 
Z&.O 
Z'l.O 
zz.o 
Z4 
� 
ltO 
l&.o 
14. 
11.0 
/tU 
B.O 
6.0 
4.0 
/'/ ZO Z8 'I II 19 Z6 J II 18 Zf 3/ 8 l'I 1.1 ZB 3 /Z. ' '  Z6 i 1 17 z+ 30 5 Hare.Ii Ap,.;1 May .Jutte. .July Au3. Sept: 
Samplin3 DQ-tes 
.Fig. 5. Water temperature (0c) for site #1 for the sampling period 
· {26 weeks) March 14 through September 5, 19740 
IJ: 
<>'1 ,t.o 
IZ.O 
10.0 
a.o 
6.0 
+.o 
�: ltO 
rz.• 
IO.O 
86 
,,0 
f..O 
-14-
3 ll. I Z6 Z '9 17 Z'I 30 S 
:r uly A v9· Sep't· 
VI a t"e ..- Te..,. peratu .. • - S i"te # 3 
n nu� s � un3 � nuz 1 nn�1 
Moy J"utoa J"ufy Au!I Sept. 
SQ ..,.p litij pqte.s 
Figo 60 Water temperature (0c) for sites #2 and #3 for the sampling 
period (26 weeks) March 14 through September 5, 1974. 
zu 
ZU 
Zt.o 
2Z� 
.. 
,,_, 
;>j 1u
> 
lt.O 
/Z.D 
10.0 
t.o 
6.0 
+.o 
zao 
Z&.O 
Zt.O 
zz.o 
1Ao 
� 18.0 
"·' 
0 
lf.O 
iz.o 
10.0 
l'f ZO ZB 'I II 19 Z6 J 
Moch Ap,..; I 
1¥ lO ZB 'I 
Morch II If l6 lJ Ap .. i I 
-15-
Wa-tet- Te.Mllpe rat&J,.e.- Site.#' 4 
" 18 l'I 3/ 
May 
SQrr1plirij 
t'f u za " 1z. t'I �· z J'c111e. :Tuly 
Dqtes 
n � n � 8 ,., v u 3 u ff u z M4y, J"ut1e ,july Sq'"plinj OQte.s 
'f /7 Z'I J() S' 
Ae13 Sert· 
_Figo 7o Water temperature (0c) for site s #4 and #5 for the sampling 
period ( 26 weeks ) March 14 through September 5, 1974. 
b.oo 
S:oo 
�+.oo .0 
3.00 
£ 
i.oo 
1.00 
5.oo 
4.00 
0 
3.00 
i.oo 
l.00 
-16-
8. o. D. - 5;te =H- l 
II/- ZO 2 fL II It U 3 If It Z 31 6 l'f '2.l Z S 
Mq rc.h Apt'i I .May June. 
5 q mp Ii 11j Dates 
9 17 Z'I so &" 
Avj· Sept. 
6. 0. D.-Site :ttZ 
l'f � q II 'I Z' ' 
Mqr,h Apri I 
II II Z'( JI I l'I ZI ZI .J IZ. It Z(, Z 
Mcty .Tvhe. July 
Sq mp lil'lj DQtes 
., 17 Z.'I 36 S' 
A Uj· Sept. 
Fig. 8. Biochemical oxygen demand (mg/l o2 ) for sites #1 and #2 
for the sampling period ( 26 weeks) March 14 through September 5, 19740 
�-00 
5.oo 
f � 
:S.00 
2.00 
1.00 
� �· 
� 3.oo 
z.co 
t.<>o 
l'I 'ZO Z 
/'1ol'cli 
/ 
II If 11 U J 
Ap.-i I 
/ 
1/ 1/ lf U. 3  
Ap�il 
-17-
B.O.D. -s;te:#3 
'I I Z'I 10 "$" 
A u3· Sert= 
8. 0 . D. - 5; te. :tt- 4 
ti 18 Z'/ 'I I l'I Z/ Z 3 IL l'I Z' L 9 17 Z'( SO Ii 
Moy J"ul'\e. J"uly Avg Seri"· 
Sq mp I i11j Oates 
Fig. 9. Biochemical oxygen demand (mg/l o2) for sites #3 and #4 for 
the sampling period ( 26 weeks) March 14 through September 5, 1974. 
�� .. 
� 
s. 
2.CX> 
l.00 
,,,. 20 l 
Ma,.c.h 
(q 
I I 
Ar,.;/ 
-18-
B.O.D.-Sife# 5 
U. :I II 18 Z'# 31 8 /¥ Z./ tl.I 3 I&. It U /I. ' /1 IC.¥ ;ro 1' M 4 y .Tu Ke. 3"u ly Au3. Se.pt. SQmplit13 Dates 
Fig. 10. Biochemical oxygen demand {mg/l o2) for site #5 for the 
sampling period ( 26 weeks) March 14 through September 5, 1974. 
10.00 
ct.oo 
8.00 
pH - S;te • 1 
l- 1 11 Z'f O 5 
Au 3· Se.pt . 
. Fig. 11. Hydrogen ion concentration (pH) for site #1 for the sampling 
period (26.weeks) March 14 through September 5, 1974. 
f().00 
cr.oo 
a.oo 
/0.00 
q.oo 
too 
I'/ zo ., " ,., 2' 
More.Ii Apt-ii 
ti ,, u 3 
Apt-ii 
-19-
II I Z 5/ 
May 
SQmplinj 
« tlJ l'I I 
May 
SQ.,. p I it13 
pH-Site-#Z 
IZ /f Z6 Z f 17 Z'I .IO S" july Av3. Sept. 
IZ /'I Zt. 
July 
pH-Si+e-11.3 
_Fig. 12. Hydrogen ion concentration (pH ) for sites #2 and #3 for the· 
sampling period (26 weeks ) 
.
March 14 through September 5, 1974. 
10.00 
C\.00 
8.00 
10.00 
<too 
s.oo 
,., zo 2 
Ma,,.ch 
. -20-
If II If Zt. 3 
A p t-i I 
II I& Z'I 31 
May 
l'f Z/ zB � IL If ZE. Z 
.1u"e :July 
Sq �pl ih3 D<des 
¥ /1 ff u s n � � � a w u u 
A p ,,.i I May J"u"' e. 
S<H"plinj Dotes 
IZ If ZE. Z 
July 
pH -Site �i-
'f 17 L'I 30 5 
A u3. Seyt . 
pH -S;+eo1t5 
JO 5 
Sept. 
.Fig. 13. Hydrogen ion concentration (pH ) for sites #4 and #5 for the 
sampling period ( 26 weeks ) March 14 through September 5 , 1974. 
36 
�: 
Zf 
zo 
16 
IZ 
8 
1: 
l.f 
20 
'" 
IZ. 
8 
-21-
II I Z& .J II /8 Z.'f 31 
Apt-ii 
CQt-bon Dioxide- Site.#2 
t'I l6 U 'f II 19 l' s II 18 Z'f 31 8 t'f 21 Z4 3 IZ. 1' Z4 Z f 17 Z'I !Jo S Mcp·c.h Apr-ii Mtly J'ut1e july Au3 Sept 
5 q mr I; "'-9 DQtes 
.Fig. 14. Carbon dioxide (C02) for sites #1 and #2 for the sampling 
period (26 weeks) March 14 through September 5, 1974. 
'" 
Q 32 u 
2B 
l zt 
zo 
'' 
IZ 
8 
41 
.. 
4D 
8 
l'I lo ZI II II If � 3 
H Qr·c.ls Ap .. ; I 
fl If 2, lj 
Api-i I 
-22-
II 18 Z'# JI 8 l'I ZI Z 
M•y ,June. 
Sq"" p lit13 Oqtes 
3 II. l'I Zlo Z 'I 17 Z.'f:JO G 
July A.., 3 Sept. 
,; 18 itt .i1 I' ,� ii .ze Ii /z ,9 zi. l.Z 
M4y :Tune :Tuly 
Sa '"f li"j Dates 
.Fig. 15. Carbon dioxide (C02 ) for sites #3 and #4 for the sampling 
period ( 26 weeks ) March 14 through September 5 , 1974. 
ff 
ff 
3Z 
� 21 
�z+ 
�Zo 
'" 
IZ 
8 
l'f zo 28 'f If 21. 3 
l"fo .. ch Ar .. ; I 
-23-
Co,..bo"' DioiciJe - 5;te:#5 
II t8 Z'I 31 8 l'f 21 Z 
M11.y :fu•u 
Sq ... plittj Oq.+e.s 
3 a 1 u z ' " n • s 
J\J ly Au_g Ser+. 
Fig. 16. Carbon dioxide ( C02) for site #5 for the sampling period 
( 26 weeks ) March 14 through September 5, 1974. 
1/.0 
/0.0 
l/.O 
�8.D 
· o  
1.0 
s.o 
4.D 
1'f Z.o 21 'I fl " z' :J 
MQrc.� Aril 
Diss o Iv ed 0 x y .9 en - 5 ite. # .1 
If 18 1'1 31 B /¥ ZI ZB J /Z 19 Zfo Z 9 17 Z'I Jo S" 
May .Tu11� J.,ly Au!) Se:pt"· 
Saw.plil1j OQte.s 
Fig. 17. Dissolved oxygen (mg/l 02) for site #1 for the sampling 
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.Fig. 21. Calcium. hardness (mg/l Caco3) for sites #3 and #4 for the 
sampling period (26 weeks) March 14 through_ September 5, 1974. 
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Fig. 22. Calcium hardness (mg/l Caco3) for site #5 for the sampling 
period ( 26 weeks) March 14 through September. 5 , 1974. 
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.Fig .  24. Total hardness (mg/l CaC03 ) for sites #2 and #3 for the 
sampling period (26 weeks) March 14 through September 5 , 1974. 
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Fig. 26. Total alkalinity (mg/l CaC03) for sites #1 and #2 for the 
sampling period ( 26 weeks) March 14 through September 5, 1974. 
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Fig. 27. Total alkalinity (mg/l CaC03 ) for sites #3 and #4 for the 
sampling period (26 weeks ) March 14 through September 5,  1974. 
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Fig. 28. Total alkalinity (mg/1 CaC03 ) for site #5 for the sa.mpling 
period (26 weeks) March· 14 through September 5 ,  1974 . 
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Fig. 29. TUrbidity (formazin turbidity units) for site #1 for the 
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500 
?J � ioo 
IOO 
Zt> 
JOO 
(00 
If Z1> ZI 
Ma .. c.Ji 
-34-
Tu ar bidity - S i-te s#t-Z 
8 /'I Z/ Z8 6 /L /9 Z• l. J"uri '1. .Tuly 
., /1 ev JO r 
.Av3 Sept• [)Cl+es 
Tu ... b; d; -ty - S; te. :#: 3 
t"f Ml � 'I II If �6 3 II 18 iv 3/ I N ZI 28 , IZ If Z6 Z 9 /1 Zif JO Ir . Mq,.clt Apl"if May :ru ... e J'uly Au�· Se,,.t. Siu .. pfitt!J Oqtes 
Fig. 30. Turbidity (formazin turbidity units ) for sites #2 and #3 for 
the sampling period (26 weeks ) March 14 through September 5 , 1974. 
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Fig. 31. Turbidity (formazin turbidity units ) for site s  #4 and #5 for 
the sampling period (26 weeks) March 14 through Sep tember 5, 1974. 
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'Fig. 32. Soluble ortho-phosphate (mg/l P) for sites #1 and #2 for the 
sampling period (19 weeks ) May 3 through September 5, 1974. 
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·Fig. 33. Soluble ortho-phosphate (mg/l P) for sites #3 and #4 for the 
sampl:ing period ( 19 weeks ) May 3 through September 5, 1974. 
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Fig. 34. Soluble ortho-phosphate (mg/l P) for site #5 for the 
sampling period (19 weeks) May 3 through September 5, 1974. 
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'Fig. 3 5. Total phosphorus (mg/l P) for site #1 for the sampling 
period (19 weeks) May 3 through September 5, 1974. 
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Fig. 36. Total phosphorus (mg/l P) for sites #2 and #3 for the sampling 
period (19 weeks) May 3 through September 5 ,  1974. 
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Fig. 37. Total pho sphorus (mg/1 P) for site s  #4 and #5 for the sampling 
period ( 19 weeks ) May 3 through Sep tember 5 ,  1974 . 
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. Fig. 39 . Ammonia (mg/l NH3-N) for s ite s #3 and #4 for the sampling 
period (19 weeks ) May 3 through September 5 ,  1974. 
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Fig. 40. Ammonia (mg/l NH3-N) for site #5 for the sampling period 
(19 weeks) May 3 through September 5 , 1974. 
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Fig. 42 .  Nitrate (mg/l N03-N) for sites #2. and #3 f o r  the sampling 
period ( 19 weeks) May 3 through September 5 ,  1974. 
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Table 1 .  Summary of the water quality parameters determined during 
the sampling period ( 26 weeks ) March 1 4 through September 5 ,  1 974. 
Parameter 
and site 
Air temperature ( °Centigrade )' 
Range 
Site #1 -2 . 2 to 27. 0 
Site #2 -2o 2 to 28. 0 
Site #3 -2 . 2  to 28. 0 
Site #4 -2. 2 to 28. 0 
Site #5 -2 . 2 to 28 . 0  
Water temperature (°Centigrade ) 
Site #1 
Site #2 
Site #3 
Site #4 
Site #5 
3 . 3  to 26. 0 
4. 0  to 27. 0 
4. 5 to 26. 0 
4. 5 to 27. 0 
4. 5 to 27. 0  
Biochemical oxygen demand (mg/l 02) 
Site #1 0 . 4 to 4. 7  
Site #2 
Site #3 
Site #4 
Site #5 
0 . 7  to 5 . 3  
1 . 1 to 5 . 5 
0. 3 to 4. 8 
o. 6 to 5 . 0  
Mean 
1 8 . 32 
1 9 0 02 
1 8 . 1 6  
1 8 . 1 6  
1 8 . 57 
1 7. 58 
1 8. 1 6  
1 8. 01 
1 8. 48 
1 8. 58 
1 . 57 
2 . 03 
2 . 1 9 
1 . 84 
1 . 87 
Table 1 .  ( cont:inued )  
Parameter 
and site 
Hydrogen io� concentration 
Site #1 
Site #2 
Site #3 
Site #4 
Site #5 
Carbon dioxide . (mg/l co2) 
Site #1 
Site #2 
Site #3 
Site #4 
Site #5 
Dissolved oxygen (mg/l 02) 
Site #1 
Site #2 
Site #3 
Site #4 
Site #5 
-50-
Range 
(pH) 
7., 9 to 
7. 9 to 
7. 9 to 
7o 9 to 
7o 9  to 
8 . 0  to 
8 . 0  to 
80 0 to 
8 .. 0 to 
8. o to 
3 0 6 to 
3 0 6 to 
3 . 6 to 
3. 5  to 
3 . 6 to 
Mean 
9 . 5 8. 37 
9 . 5 8 . 37 
9 o  1 8 . 32 
9 . 2  8. 32 
9 o 4 8. 33 
480 0 1 6. 1 5 
36. 0 1 5 . 84 
40 o 0  1 6. 1 5  
44. 0  1 5 . 23 
44. 0  1 5 0 38 
1 0 . 0  6. 58 
1 0 o 5 6 . 52 
9 . 9 6. 46 
1 0 . 3 6 . 65 
1 0 . 1 6. 72 
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Table 1 . ( cont:inued) 
Parameter Range Mean 
and site 
Calcium hardne s s  (mg/l Caco3 ) 
Site #1 ' 70 to 21 0 1 42. 30 
Site #2 90 to 21 0 1 40 . 38 
Site #3 70 to 220 1 36. 1 5  
Site #4 80 to 1 90 1 36. 92 
Site #5 60 to 1 80 1 33. 46 
Total hardne ss  (mg/l CaC03 ) 
Site #1 1 30 to 31 0 241 . 1 5 
Site #2 1 30 to 280 237. 30 
Site #3 1 1 0  to 280 233 . 46 · 
Site #4 1 60 to 280 220 . 00 
Site #5 1 1 0 to 270 227. 88 
Total alkalinity (mg/l Caco3 ) 
Site #1 80 to 220 1 82 . 69 
Site #2 30 to 230 1 81 . 1 5 
Site #3 90 to 230 1 83 . 84 
Site #4 20 to 230 1 75 . 00 
Site #5 80 to 230 1 71 . 1 5 
Table 1 . ( continued) 
Parameter' 
and site 
Range 
Turbidity (Formazin Turbidity Units) 
Site #1 JO to >500 
Site #2 J5  to > 500 
Site #J J2 to � 500 
Site #4 JO to > 500 
Site #5 28 to ":> 500 
Mean�� 
• • • • •  
• • • •  0 
. . . . . 
• • •  c • 
• • • •  0 
* Mean impossible to calculate for turbidity due to infinite readings 
obtained on weeks #1 0 and #1 2 . 
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Table 2. Summary of the water quality parameters determined during 
the sampling period ( 1 9 weeks ) May 3 through September 5 , 1 974. 
Parameter Range Mean 
and site 
Soluble ortho-phosphate (mg/f.-P ) 
Site #1 o . oe7 to 0. 200 . .  0 . 049 
Site #2 0 . 007 to 0 . 980 0 . 037 
Site #3 O o 007 to O .  1 79 0. 040 
Site #4 0 . 007 to o .  1 40 0 . 030 
Site #5 0 . 007 to 0. 1 1 7 0 . 034 
Total phosphorus (mg/1-P) 
Site #1 0 . 264 to 3. 070 0 . 928 
Site #2 0 . 254 to 1 . 41 0  o . 688 
Site #3 0 . 244 to 1 . 830 0 . 774 
Site #4 o . 1 76 to 3 . 220 0 . 746 
Site #5 0 . 254 to 2 . 200 0 . 71 8 
Ammoriia (mg/l NH4-N) 
Site #1 0 . 04 to 5 . 1 0  0 . 47 
Site #2 0 . 06 to 0. 48 0 . 1 9 
Site #3 0. 04 to 2 . 30 0 . 37 
Site #4 0 . 04 to 1 . 31 0 . 35 
Site #5 0 . 04 to . 1 . 04 0 . 30 
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Table 2 . ( continued)  
Parameter Range Mean 
and site 
Nitrate (mg/l N03-N) 
Site #1 1 . 36 to 8. 39 4. 9 
Site #2 1 . 03 to 7 . 67 - 4. 7 
Site #3 0 . 71 to 7 . 87 4 . 7 
Site #4 1 . 31  to 8. 30 4. 9 
Site #5 1 . 36 to 1 0 . 27 5 � 2 
Nitrite (mg/l N02-N)  
Site #1 0 . 03 to 0 . 1 8  0 . 07 
Site #2 0 . 03 to 0 . 30 o . 1 1  
Site #3 0 . 01 to 0 . 30 0 . 1 4 
Site #4 0 . 02 to 0 . 23 0 . 1 2 
Site #5 O o 03 to 0 . 25 0 . 1 3 
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Table 3 .  Summary of the benthic macroinvertebrate fauna collected 
at five sites on Lake Charle ston, Cole s County, Illinois during 
the sampling period ( 26 weeks ) March 14 through September 5 ,  1974. 
The numbers under each site refer to the number of weeks out of 
26 that the organism was collected ( see appendix for more detail ) . 
Taxa 
Decapoda 
Palaemonidae 
Palaemonete s kadiakensis 
Astacidae 
unidentified juvenile. 
Amphipoda 
Hyalellidae 
Hyalella azteca 
Gammaridae 
Bactrurus mucronatus 
Crangonyx_ sp . 
Gannnarus sp . 
Isopoda 
Asellidae 
Asellus SP o 
O stracoda 
unidentified species  
81 
1 
5 
9 
3 
1 
82 
2 
1 
8 
7 
1 
83 
1 
1 
4 
1 
1 
1 
1 
2 
85 
1 
7 
1 
Table 3o  ( continued ) 
Tax.a 
Ephemeroptera 
Caenidae 
Bae tis ca sp. 
Caenis sp . 
Ephemeridae 
Hexagenia sp . 
Heptageniidae 
Stenonema sp. 
unidentified specie s  
Hemiptera 
Corixidae 
unidentified 
Nepidae 
Ranatra sp. 
Pleidae 
Plea striola 
Coleoptera 
Hydrophilidae 
species  
Berosus striatus 
Elmidae 
Stenelmis sp. 
Haliplidae 
Hali12lus sp . 
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S1 S2 S3 S4 S5 
2 
1 2 1 2  1 3 1 3  1 4  
1 9  6 3 1 4 4 
2 1 5 2 
1 
1 0  23 1 9 1 8  20 
1 1 
1 1 
1 
5 7 2 3 3 
1 
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Table 3 . ( continued) 
Taxa S1 S2 S3 S4 S5 
Coleoptera-continued 
Dytiscidae 
Laccophilus SP o 1 
Plecoptera 
Perlidae 
Perle sta sp . 2 
unidentified specie s  1 
Trichoptera 
P sychomyiidae 
Polycentropus sp . 1 1 
Leptoceridae 
Leptocerus americanus 1 
Leptocell� sp, . 3 4 3 1 2 
Oecetis sp . 1 1 
Odonata 
Libellulidae 
Macromia sp . 1 
Coenagrionidae 
Argia sp. 2 1 
Coenagrion sp . 1 
Enallagma sp. 4 6 4 6 4 
Ischnura sp . 7 4 1 2 1 
Table 3 .  ( continued ) 
· Taxa 
Odonata-continued 
Gomphidae 
Ophiogomphus 
Gomphus sp. 
Diptera 
Ceratopogonidae 
Palpomyi§: sp . 
Chaoboridae 
Chaoborus sp .  
Chironomidae 
sp. 
Ablebe smyia sp. 
Chironomus sp .  
Clinotanypus sp.  
Coelotanypus sp .  
Cricotopus sp .  
Cryptochironomus 
Dicrotendipe s  sp . 
sp . 
Endochironomus sp . 
Ehfeldia sp . 
Glyptotendipe s sp . 
Harnischia sp .  
,Nicropsectra sp .  
Orthocladius sp . 
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Sl S2 S3 S4 S5 
1 
4 2 2 1 
15 18 14 11 8 
2 10 16 8 5 
2 4 3 5 1 
5 9 12 ll 9 
2 1 1 
4 11 15 10 4 
2 
10 16 19 18 19 
4 2 1 2 2 
1 1 3 1 
4 2 1 
5 2 4 2 1 
2 10 9 8 2 
1 
i ·  
Table 3. ( continued ) 
Taxa 
Chironomidae-continued 
Paracladopelma sp. 
Paralauterborniella 
Phaenopsectra sp. 
Polypedilum sp . 
Pro cladius sp. 
P s ectrotanypus s p. 
P seudochironomus 
Tanypu� sp. 
Tanytarsus sp .  
Tribelo s sp. 
sp. 
unidentified spe cies 
Gastropoda 
Physidae 
Physa sp.  
Pele cypoda 
Sphaeriidae 
Sphaerium 
Unionidae 
sp. 
sp. 
unidentified immature 
Oligochaeta 
Tubificidae 
Branchiura s owerbv=!:: 
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S1 
1 
1 2 
1 1  
2 
1 
6 
6 
4 
1 
3 
1 2 
S2 S3 S4 S5 
; 1 
1 1 
2 
8 1 6  1 4 22 
1 6  1 4  1 2  8 
1 
1 2 
2 2 1 
5 2 1 5 
1 3 1 
3 1 
8 1 9 7 
2 2 
1 2  1 3  1 5  1 0 
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Table 3 . (continued) 
Taxa S1 S2 S3 S4 S5 
Tubificidae-continued 
D..yodrilus templetoni 2 
Limnodrilus cervix 9 7 1 0  9 2 
Limnodrilus claparedeianus 4 1 ·  7 1 
LimnodrUus hoffmeister i 8 5 1 4  1 0  3 
Limnodrilus udekemianus 5 2 5 7 2 
Na is communis 7 1 . 1  
Na is simplex 1 2  3 5 3 4 
Peloscolex f erox 1 2 
Peloscolex freyi 1 
Tubifex tubif ex 9 5 1 0  7 5 
Lumbriculidae 
Lu.mbriculus variegatus 5 3 2 
Rhynchobdellida 
Glossophoniidae 
Helobdella sp. ? 1 1 1 
Hydracarina 
. Unionicolidae 
Koenikea sp . 1 
Neumania sp . 4 1 2  1 2  8 1 1  
Li.mnesiidae 
Limnesia sp . 1 
-61 -
Discus sion 
Data for the water quality (15 parameters )  and benthic macro­
invertebrates of Lake Charle ston were collected over a 26-week study 
period. These data appear in Figures 2 through 46, Table s 1 through 
3 , and in the appendix. Each water quality parameter studied and the 
macroinvertebrate fauna will be discussed separately. 
Temperature 
Temperature is one of the most  important physical parameters to 
be measured in the aquatic community (MacKenthun, 1969 ) . Range s in 
temperature can limit the aquatic specie s present and determine the 
rate s of physiological function of these organisms . For example , 
rising temperature within limits can increase the rate of development 
of animals,  respiratory movements , heartbeat and comparable circulatory 
rhythms, enzyme action, and other such physiological proce sse s ,  al­
though the optimal range s of each proce ss  may differ (Welch, 1952 ) . 
Water temperature is also directly related to the solubility of gase s 
in water, gas solubility in water be ing inversely proportional to tempera­
ture . Therefore , concentrations of gase s such as oxygen and carbon 
dioxide are de termined by water temperature . Since the se gase s are im­
portant for various types of aquatic life , this fact is extremely im­
portanto 
Lake Charleston average s three feet  in depth.  This shallow depth 
effectively eliminates stratification, which allows constant circulation 
even during summer . This should eliminate extremes in water temperature 
anywhere in the lake . 
Air temperature for the five s ites through the 26-week sampling 
period ranged from -2 o 2 to 28. 0 degre e s  Centigrade ( Table 1 ) . Weekly 
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air temperature for the five s ites are graphed in Figure 2 ,  3 , and 4. 
A gradual rise in air temperature over the sampling period shown by 
the se graphs was due to a natural seasonal increase . Small variations 
within the sampling period were due to normal weekly fluctuations . 
Water temperature for the five site s  ranged from 3 . 3 to 27. 0 degree s  
Centigrade for the 26-week sampling period ( Table 1 ) . Graphs of weekly 
water temperature for each of the five sites stu�ied appear in Figure 5 ,  
6 ,  and 7 .  The se graphs also refle ct a gradual seasonal increase in 
temperature . At no time during the study was there any extreme water 
temperature fluctuations among the five site s .  Any small variations 
in water temperature that o ccurred between s ite s  were probably due to 
difference s in currents ,  shade , and time lag between collections . Mean 
values for each site for both water and air temperature also appear in 
Table 1.  
Biochemical Oxygen Demand 
The biochemical oxygen demand ( BOD ) is the relative oxygen require­
ments of wastewaters ,  effluents , and polluted waters ( American Public 
Health Association, 1971 ) . BOD is then, an indirect measurement of 
oxygen use by micro-organisms during organic decompos ition . This test 
often yields valuable data concerning the effects of polluting effluents . 
BOD ranged from 0 . 3 to 5 . 5 mg/l oxygen for the five s ite s during 
the sampling period ( Table 1 ) . Weekly BOD values for each of the five 
sites are plotted in Figures 8, 9 ,  and 10 . No value s were obtainable 
for weeks 1, 2 ,  3 , 5 ,  and 8 due to BOD probe malfunction . The high 
values at the five sites for August 9 probably also repre sent probe 
malfunction since they are pre sent at all s ite s .  Mean BOD value s ( Table 
1 )  for all site s fell well below critical demands that would indicate 
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pollution proble�s ( u. s.E.P . A . , 1973 ) 0 
Hydrogen Ion Concentration (pH) 
The pH of water is its degree of acidity of alkalinity and is ex­
pre s sed as the log of the re ciprocal of the hydrogen ion concentration . 
The pH scale range s from one to 14 with seven being neutral. The pH of 
most  natural waters falls within a rather wide range of four to nine 
(A 0 P . H0A o , 1971) . The maj ority of natural waters is slightly 
alka:line due to the pre sence of carbonate and bicarbonate . 
Drastic alteration of the pH of a body of water can seriously affect 
its flora and faunao Usually, extreme fluctuations in pH can be attri­
buted to the dumping of acidic or basic waste s in the water (A .P . H. A . , 
1971) . MUior fluctuations in pH can be expected and are attri-
butable to several factors . Photo synthe sis tends to raise pH by carbon 
dioxide ( C02) withdrawal while both re spiration and organic decompos ition 
reduce pH by co2 liberation. 
The pH for the five sampling site s  ranged from 7 . 9  to 9 . 5 for the 
sampling period ( Table 1) . The value s fluctuated only slightly and the 
mean value s were similar ( Table 1 )  for each of the five site s .  Weekly 
pH value s for the five s ites are graphed in Figures 11, 12 , and 13 . No 
readings were obtained on weeks 1,  2, and 8 due to pH me ter malfunction . 
All pH value s recorded for the five sampling sites were within the 
value $ of 6. 0  to 9 . 0  (�ith Q . 5  natural variance ) sugge sted by the United 
State s Environmental Prote ction Agency (1973 ) as a standard for a healthy 
aquatic environment. 
Carbon Dioxide ( C02) and Dissolved Oxygen (DO ) 
Oxygen and carbon dioxide are usually inversely related to each 
o ther be cause of the photosynthetic and re spiratory activities of the 
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biota, so they should of nece s s ity, be cons idered together {Hyne s ,  1970 ) . 
C02 solubility in water, as pointed out above , varie s inversely with 
temperature . C.02 is derived from bacterial decompos ition of organic 
matter ,  re spiration by animals ( and plants at night) , ground water 
seepage , certain chemical reactions be tween acids and various carbonate s ,  
directly from the atmo sphere , and from rain (Reid, 1961 ) . The volume 
of oxygen dis solved in water at any given t:ime is dependent upon the 
temperature of water, partial pres sure of the gas in the atmo sphere in 
•contact with the water, and the concentration of dissolved salts ( salinity) 
of the water {Re id, 1961) . The activitie s de termining the concentrations 
of c.o2 and 02 in water usually oppo se each o ther . Aerobic bacteria re­
quire o2 to degrade organic matter and produce c.o2, and algae require 
co2 to photo synthe size organic compounds and produce 02 {Kuentzel, 1969 ) . 
Thus , the se two g&se s are usually kept at equilibrium. During the day, 
however, c.o2 concentrations may be reduced considerably due to pho to­
synthe sis and 02 may supersaturate the upper layers of waters .  De­
oxygenation may occur at night due to re spiration with a corresponding 
increase in c.o2• Increasing amounts of c.o2 and 02 may be released to 
the atmosphere from the water surface through agitating wave action and 
disturbance s  in the mud sed:iments ( Bamforth, 1962) .  
The :importance of . both o2 and c.o2 to aquatic life is  well known. 
Extremely low concentration of 02 as well as high concentrations of C02 
can be fatal to certain organisms . The U. sr.E .P .A .  ( 1973 )  has propo sed 
min:imal concentrations of dis solved oxygen for the prote ction of aquatic 
life . For example ,  at 27. 5 degree s Centigrade 5 . 8 mg/l o2 is the min:imal 
re commended leveL The recommended levels are higher as the temperature 
decrease s .  
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C02 levels ranged from 8. 0 to 48. 0 mg/l at the five sampling s ite s 
for the s tudy period (Table 1) . The co2 te s t  with Hach analysi s  is a 
weak one , de termining a very subtle endpoint with a subj e c tive colori­
me tr ic change . This may have been a fac tor in s ome of the high co2 
readings that are apparent on the graphs in Figure s 14, 15 , and 16. 
The sampling s ite s were all in shallow water where the bottom material 
readily yields co2 to the surface through organ�c de compo s ition o This 
de c ompo s ition, toge ther with low pho to synthetic rate s (overcas t  day or 
shaded s ite ) , may have been a factor in the high C02 concentrations . 
The s e  high• levels ,  which may be indicative of a microhabitat s ituation, 
probably do no t refle c t  conditions of the lake as a whole . 
DO ranged from 3 . 5 �o 10 . 5  mg/l for the five s ampling s ite s during 
the s tudy ( Table 1 ) . Figure s 17, 18, and 19 s how weekly variations in 
dis s olved oxygen concentration s  for the f ive s ite s .  With few exceptions 
variations in the DO levels were slight at all five s i te s .  Some of the 
difference s be tween s ites and be tween weeks may again have been due to 
variations due to chance . The maj ority of the DO concentrations of all 
five s ite s were above the minimum re commended levels propo sed by the 
U. S.E .P.A . (1973 ) . Seasonal change s in 00 levels , be cause of the effe c t  
o f  water temperature o n  gas solubility an d  biological activity, would be 
expe c te d  (Re id, 1961) . 
The inverse relationships of C02 and DO mentioned above were no t 
noted in this s tudy although daily monitoring may have yielde d be tter 
coordination of re sults . Me an concentrations for <Xl2 and DO for the five 
s ite s  appear in Table 1 .  
· Hardne s s 
Hardne s s  is a component of the to tal diss olved solid s  in water and 
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is chiefly related to the levels of cal c ium and magne s ium ions 
(U. S.E.P .A . , 1973 ) . Ell is e t  al . ( 1948) s tate s that to tal hardne s s  can 
be divided into two cate gorie s :  carbonate hardne s s  (when the hardne s s  
i s  equal to o r  le s s  than the to tal carbonate an d  bicarbonate alkalinity) ; 
and non-carbonate hardne s s  ( hardne s s  in exce s s  of the to tal carbonate 
and bicarbonate alkalinity) . Generally, the biological produc tivity of 
. . 
water is correlated with the hardne s s ,  but the hardne s s  per se has no 
biological s ignificance be cause biolo gical effe c ts are a func tion of 
the spe c ific concentration and combinations of the elements pre s ent 
• 
(Uo S.E.P .A. , 1973 ) . The U . S . E . P.A. (1973 ) al s o  s tate s that the term 
11 hardne s s 11 serve s a useful purpo s e  as a general index of water type , 
buffering capacity and p�oductivity, but it s hould be avo ided in 
de termining water quality requirements for aquatic life without empha­
s is on spe c if ic ions . For example , cal c ium ( Ca)  and magne s ium (Mg) ions 
are vital to plant and animal growth and high Ca ion concentrations can 
accelerate bacterial de compo s ition . In addition , the carbonate s and 
bicarbonate s are mo s tly found as compounds with Ca and Mg and are impor-
tant nutrients to plants and an imal s .  
The Ill ino is State Water Survey has cla s s ified hardne s s  in mg/l 
Caco3 as follows : 0-75 , soft; 75-125 , fairly s oft; 125-250, moderately 
hard ; 250-400 , hard ; and over 400, very hard ( Harme son and Lar s on, 1969 ) . 
Ca hardne s s  ranged from 60 to 220 mg/l Caco3 for the five s ite s  
during the sampling period ( Table 1 ) . Significant de cre as e s  in Ca 
hardne s s  o ccurred on weeks 10 (May 13 ) ,  12 (May 31 ) , and 16 ( June 28) at 
all f ive s ite s  as indicated by Figure s 20, 21, and 22. The se date s 
· corre spond with heavy rains that o c curre d  during the sampling per iod . 
The de crease s were probably due to the diluting effe c t  of the rainfall 
-67-
and to the short time that the runoff water had contact with the s o il .  
MacCrimmon and Kelso ( 1970 ) de s cr ibed a s imilar effe c t  in certain para-
meters that c orre sponded with high discharge rate s in a r iver sys tem. 
The decreases shown on the graphs for Ca hardne s s  were s hort-lived 
however, and rebounded very quickly. 
To tal hardne s s  for Lake Charle s ton range d  from 110 to 310 mg/l -
Caco3 for the f ive site s  dur:i.llg the s tudy ( Table 1) . Weekly variations 
for the f ive sites that o c curre d  during the s tudy period appear in Figure s 
23 , 24, and 25 .  To tal hardne s s  levels s howed s imilar decrease s to the 
• 
Ca hardne s s  levels and were probably caused by the same dilution effe c t .  
Natural and seasonal variations were als o  expe c te d .  
Me an to tal hardne s s  value s f o r  the five s ite s appear in Table 1 
and all fall in the "moderately hard" cate gory con s tructed by the Illino is 
State Water Surveyo 
Alkalinity 
The alkalinity of water is relate d  to the kinds and quantitie s of 
compounds pre sent in a body of water which collec tively shift the pH 
to the alkaline s ide of the s cale (Ellis et al . , 1948) . Phenolphthale in 
alkalinity measure s the hydroxyl and carbonate ions while to tal alkalin ity 
me asure s hydroxyl ,  carbonate , and bicarbonate ions . The alkalinity of 
natural waters i s  generally the re sult of b icarbonate s (Lind, 1974) .  
Alkalinity has many overlapping relations hips with hardne s s ,  pH, co2 ,  
an d  pho to synthe s i s o The bicarbonate content of the water is dependent 
upon the calc imn content of the waters hed and on the co2 c ontent of the 
water . Free co2 iE solution and bicarbonate s are available to aquatic 
· plants for pho to synthe sis . Since the bicarbonate s de compo s e  with a 
pre cipitation of CaC03 on the withdrawal of co2, one-half the chemically 
-68-
bound co2 ( halfbound co2 ) is made available (Ruttner,  1963 ) . When 
thorough mixing is present in a body of water there are usually uniform 
co2, pH, and bicarbonate contents . However, in shallow water, when 
aquatic plants are photo synthesizing, there is a general reduction of 
free co2, a reduction of calcium bicarbonate ( through the precipitation 
of Caco3 ) and an increase in pH. Thus, alkalinity change s within any 
aquatic system may have dynamic effects on several water quality para-
meters . 
The U. S.E . P . A .  ( 1973 )  places no proposal levels on alkalinity but 
does rec�rmnend that decreases in the total alkalinity of water of more 
than 25% below the natural level be unacceptable . Expected total 
alkalinities in nature u�ually range from 45 to 200 mg/l (Lind, 1974) . 
Phenolphthalein alkalinity, or carbonate alkalini t;>r, was found to 
be zero for all five sites  for the entire sampling period. This was 
expected since bicarbonate forms are most cormnon in this area due to 
the pH levels present. At a pH of above 8 .3 ,  carbonates are no t pre sent 
in significant quantities  in the waters o Lake Charleston pH values had 
their means at about 8 . 3  ( Table 1) . During the sampling period when 
pH values above 80 3 were determined, the accompanying carbonates present 
may have been undetectable due to the subj e ctivity involved in the 
phenolphthalein titration . 
Total alkalinity ranged from 20 to 230 mg/l Caco3 for the five site s  
for the sampling period ( Table 1 ) . Weekly values for each of the five 
s ite s are plotted in Figures 26, 27,  and 28. The se figures show consid­
erable reductions in total alkalinity concentrations for weeks 10 (May 18) , 
· 12 (May 31) , and 16 (June 28) o As with hardnes s  values mentioned above , 
these dates correspond with heavy rainfall and were probably due to 
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dilution of the surface waters . Mean values for total alkalinity are 
listed in Table 1 and fall within the 45 to 200 mg/l Caco3 cited by 
Lind (1974) for natural waters . 
Turbidity 
The term turbidity describes the degree of opaqueness  produced by 
suspended particulate matter, thus limiting light transmiss ion (Reid; 
1961 ) . TurbiditY:-creating matter can either or�ginate within the lake 
(autochthonous ) or outside the lake and be carried in ( allochthonous ) . 
Large quantitie s of suspended solids can be directly and indirectly 
detrimental to aquatic organisms . Sand,  debris , and other particles can 
have abras ive effects on certain organisms while they may interfere with 
respiratory functions in . others . Turbidity can have harmful effects on 
benthic organisms due to light exclusion from the bottom. Turbidity can 
also affect  the aquatic community by limiting l:i.g ht penetration which 
reduces photosynthetic activity and thereby reduce s 02 production. This 
may cause co2 concentration to rise which may be deleterious . Exce ssive 
s iltation of a stream or o ther body of water can reduce fishing succe ss  
as  well as  detract from the aesthetic appearance of  the area (MacKenthun, 
1969 ) . The U o SoE . P .A .  (1973 ) state s that acceptable conditions regarding 
the combined effect of color and turbidity in water will be met if the 
compensation point is not changed by more than 10% from its seasonally 
established norm, and if no more than 10% of the biomas s of photo-
synthetic organisms is placed below the compensation po int by such change s .  
Turbidity for the five s ites ranged from 28 to >500 for the sampling 
period ( Table 1 ) . Figures 29 ,  JO, and 31 show extremely high readings 
' 
at all five s ites on weeks 10 (May 18 ) and 12 (May 31) with moderately 
high readings on weeks 16 (June 28) and 22 ( August 9 ) o These date s 
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corre sponded with rainfall periods which probably caused cons iderable 
runoff material to be washed into the lake and dis turbance s  of the bo t­
tom s ediments . At s ite s  #1 and #3 (F igure s 29 and 30) the readings at 
weeks 10 and 12 were off the s cale us e d  (Formazin Turbidity Units ) and 
had to be recorded a s  > 500 . Mean value s could no t be c omputed be cause 
of this fact. A s  the graphs show, turbidity dropped s harply on the 
we ek following each rain indicating quick recovery from high levels . 
Pho sphorus 
Pho sphq,rus is a very abundant element on e ar th and to ge ther with 
nitrogen, carbon, and hydrogen, is recognized as an extremely important 
cons tituent of l iving matter . For that reason it is a nutrient of 
outs tanding value (Ruttner , 1963 ) . Many pho sphorus -containir!g minerals 
are only slightly soluble in water which limits naturally o c curring con­
c entrations of pho sphorus in aquatic environments . Pho sphorus can enter 
an aquatic community by weathering and ero s ion of pho sphorus -bearing 
rock s ,  de compos ition of organic material , and through s ewage effluents 
( pho sphate de tergen ts ) and c ommercial fertilizers ( ortho-pho sphate s ) . 
P ho sphorus is removed from water by all phytoplanktonic organisms 
( Hutchinson, 1957) . Almo s t  all the pho s phorus utilized by the phyto­
plankton is taken up as ortho-pho sphate ions (Rus s e ll-Hunter, 1970 ) . 
Addition of pho sphorus to an aquatic environment in forms such as 
c�nden�ed pho sphate s ( de tergents ) and ortho-pho sphates {fertilizers ) 
c an  cause nuisance algal blo oms , surface s cums , and foul odors ( Sawyer , 
1968) . Juday e t  al . (1927) has indicate d  that pho sphorus may be a 
limiting factor in the growth of algae in lake s .  While pho sphorus is a 
nece s s ary element for algal growth, the amounts required to support 
mas s ive blooms are quite low, about 0 . 01 mg/l or le s s  ( Kuentzel , 1969 ) . 
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Soluble ortho-pho sphate s ranged from � 0 . 007 to 0 . 980 mg/l phosphorus 
for the five site s during the 18 weeks they were sampled, May 3 to 
September 5 ( Table 2) . Figures 32, 33, and 34 show weekly value s for 
the five s ite s .  The graphs show wide and sporadic fluctuations with 
no apparent trends . Possible explanations for these sporadic variations 
may be microhabitat s ituations where decompos ition is compartmentalized, 
or sporadic periods of runoff where influent materials contained varying 
concentrations of pho sphorus from sewage effluents or fertilizer runoff • 
• 
Total phosphorus for the five s ampling s ites ranged from 0 . 176 to 
3 . 220 mg/l phosphorus for the study period ( Table 2) . Weekly variations 
are plotted in Figures 35 , 36, and 37 . The graphs show peaks on weeks 
10 {May 18) , 12 (May 31) , and 16 (June 28) which corre spond to weeks 
of heavy rainfall mentioned previously. High total phosphorus levels at 
the se date s may have re sulted from recirculation of pho sphorus compounds 
due to mixing of bottom material or po s s ibly to increased pho sphorus 
from the runoff of the watershed. 
Nitrogen 
Ruttner (1963 ) recognize s nitrogen as one of the mos t  important 
constituents of living matter and a nutrient of outs tanding value . 
The forms of nitrogen pre sent in lake waters may be roughly grouped as : 
mole cular nitrogen (N2) in solution; organic nitrogen compounds , 
including a great varie ty of decompos ition products ; ammonia, mainly as 
NH4
+ and NH4oH; nitrite , mainly as NOz ; and nitrate , mainly as No3 
(Hutchinson, 1957) . Of tho se forms ammonia, nitrite , and nitrate are 
generally referred to in limnological studies . Hutchinson ( 1957 )  lists 
the three theore tically pos sible s ource s of nitrogen compounds as 1 ) 
influents to the lake , including groundwater, 2 )  precipitation on the 
-72-
lake surface , and 3 )  fixation in the lake and its sediments . It 
is important to note that amounts of various n itro gen c ompounds are 
introduced into natural waters through s ewage effluents and agricul-
tural runoff from fertilized f ields and l ive s to ck feedl o ts (Edwards 
and Harrold, 1970 ) . 
Nitrogen exi s t s  in s aline form as ammonium, nitr ite , and nitrate , 
of which nitrate is the mo s t  available form for . Plant growth_. Bac terial 
a ction, however , is usually ne ce s sary to bring about the initial re-
• 
mineralization as ammonium ion s , and a s equence of bac terial forms is 
involved in suc ce s s ive changes to nitr ite s and then to nitrate s . 
( Rus sell-Hunter ,  1970 ) . Ammonium-ni tro gen can be used by many type s of 
phytoplanktonic cells as .an alternative to, or along with, nitrate . 
N itrate repre sents bo th the be ginning and the end of the nitrogen cycle 
be c ause it is used dire c tly in the a s s imilatory activities of the plants 
and it repre s ents the end produc t of aerobic de compo s ition of organic 
n itr ogen-containing mole cule s ( Lind, 1974) . 
The u. s .E . P . A . ·  ( 1973 ) has propo sed levels o f  10 . 0  mg/l nitrate and 
1 . 0  mg/l nitrite for a publi c  water supply. Minute amounts of nitr ite 
are some time s found even in llllpolluted oxygenated surface waters of 
lake s ,  though any appre c iable nitrite c on tent in surface waters has long 
been re garded as a warning of s ewage contamination ( Hutch inson, 1947) • 
.AnL�onia concentration for the five s ite s ranged from 0 . 04 to 5 . 10 
mg/l for the sampl ing per iod ( Table 2 ) . Graphs of the ammonia values for 
the five s ite s ( F igure s 38, 39 , and 40 ) show highly var iable and widely 
fluc tuating concentrations . No obvious trends were apparent for spe c if ic 
weeks , whic h  may po s s ibly indic ate again microhabitat s ituations where 
decompos ition rate s varied at d ifferent time s at the f ive s ite s . D ispro-
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portionate levels as exemplified by week 8 (May 3 ) at site #1 may have 
resulted from sporadic runoff waters high in al!imonia. 
Nitrate values for the five sampling s ites ranged from 0 . 71 to 
10 . 27 mg/l over the s tudy period ( Table 20 ) . Weekly value s for nitrate 
for the five site s  appear in Figure s .4)., 42, and 43 .  General decrease s 
. again occur in weeks 10 (May 18) ,  12 (May 31) , 16 (June 28) , and 22 · 
(August 9 ) which coincided w:lth rainfall . Nitrate levels apparently 
were diluted when the volume of the surface water increased. Build-up 
of decomposi�ional products (nitrate s )  during periods of low photo­
synthetic activity is probably reduced due to mixing which occu:rs during 
rainfall. This would tend to reduce nitrate values in certain areas . 
Nitrite ranged from 0 . 01 to 0 . 30 mg/l for the five s ites during 
the sampling period ( Table 2) . Weekly values for the five s ites are 
piotted in Figure s 44, 45 ,  and 46 .  Again no general trends were 
apparent over the five s ites and again microhabitat situations or 
chance could be implicated to explain the divers ity in concentrations .  
Nitrite levels were low as expected in natural waters and all fluctua­
tions were under 0 . 3  mg/l .  
Natural fluctuations in the nitrogen forms occur and seasonal 
variations of these forms of soluable nitrogen indicates that the se 
compounds form part of the nutrients of both plant and animal life 
(Domogalla et al . ,  1925 ) . The mean values for both nitrate and nitrite 
( Table 2 )  were well below the criteria set  by the u . s . E . P . A. ( 1973 ) . 
None of the water quality parameters . studied showed sufficient 
deviations at any one particular s tudy s ite to merit a separate zone . 
· in  the lake o A lake of the third order ( Hutchinson, 19 57) , such as 
Lake Charle s ton , is shallow enough with suffic ient mixing action, and 
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shallow contours to represent a fairly s table and uniform envirorunent. 
Benthic Macro invertebrate Fauna 
Lake Charles ton, Cole s County, Illinois is a shallow lake , of the 
type described by Hntchinson (1957)  as third order. In a lake of this 
type the entire bottom may be more les s  uniformly productive if the 
basin is not exceptionally divers ified (Welch, 1952) . Shallow lakes · 
are often very productive although mere shallownes s  doe s not insure it.  
The whole benthic region of a shallow lake is e ssentially a littoral 
zone and generally speaking, the greater the areas of shallow water, 
the greater the biological productivity. 
Shallow water conditions are probably more favorable for greater 
productivity. Protected . shallow water areas allow growth of rooted 
plants , accumulation of organic bottom materials ; and presence of a 
larger, more divers ified fauna (Welch, 1952 ) 0 The close superpos ition 
of the photosynthetic zone over the decompos ition zone would also per­
mit free and rapid exchange of biochemical materials be tween these two 
areas . The decompos ing bottom materials make released products avail­
able to the benthic organisms . A cycle of exchanging nutrients is 
formed which is conducive to a diverse fauna. Shallow lake s of the 
third order are in continuous circulation which retains all organic 
accumulations in available pos ition for both plants and animals 
(Welch� 1952) . 
Eggleton . (1931 ) in his study of profundal bottom fauna, lists 
biological, chemical, and phys ical phenomena as till three main factors 
influencing variation and distribution of benthic organisms . Specifi-
· cally, he pojnted out light, temperature , water movement, chemical 
content of the superimpo sed water, character of the bottom, food, pre-
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dators ,  and life cycle s of the animals involved as some of the affe cting 
factors . Eggle ton (1931 ) also mentions the need for caution in po inting 
out any s ingle fac tor as s ole de termining influence in the abundance and 
dis tribution of bottom fauna . Matheny and He inricks (1970 ) no te limno­
logical conditions as de termining the abundance and dis tr ibution of 
organisms within a body of water . Ruttner (1963 ) s tate s that the condi­
tion of the sediments , brought about primarily by the me tabolic pro c e s s e s  
o f  bacterial life , i s  very :important in controlling the environmental 
conditions under which benthic animals of the ooze exis t. 
Lake Charle s ton had a fairly divers e fauna as indicated by Table 3 . 
Out of the various forms c ollec ted, chironomids , oligochae te s ,  and a 
few o ther inse c t  type s were probably mo s t  abundant. This as sumption was 
based on the number of time s  the s e  forms were colle c te d  at th� five s ite s 
and no t on quantitative data . 
Within a given lake there usually exis ts a high correlation be tween 
the nature of the subs trate and the number of spe c ie s  and population 
density (Re id ,  1961) . The subs trate of s ite s #1, #2, #3 , and #4 were 
compo sed of mud with varying de gree s of de tritus while s ite #5 had a 
sand substrate with s cant de tritus . Table 3 shows a relatively lower 
divers ity of organisms collecte d  at s ite #5 . This is expe cte d  s ince 
sand is rarely a s table habitat, often po s se s s ing no well e s tabl ished 
communitie s be cause of cons tant s hifting ( Gersbacher , 1937) . This 
agre e s  with Tebo ( 195 5 ) who , after s tudying the benthic fauna of a 
s hallow lake , found that a sampling s tation with a s and and clay bo ttom 
was the poore s t  producer of bottom fauna c ompared to s ite s with o ther 
· subs trate type s .  The faunal list pre sente d  by Tebo ( 19 5 5 )  was also very 
s imilar to the lis t compiled for this s tudy. 
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It may be important to note that all the organisms collec te d  are 
no t benthic forms . Several of the var ious forms are probably a part 
of the 11 aufwuch11 community. It would be extremely difficult, if no t 
impo s s ible ,  to c ollec t  entirely within the bounds of a defined com­
munity. 
On. September 14 several benthic samples were �en in midlake 
and channel areas of the lake to de termine if there were any s ignificant 
difference s -in fauna compo s ition from the f ive near-s hore s ite s . No 
new spe c ie s  were found and the comp o s ition was qualitatively s imilar 
to the s tudy s ite s .  
Similar spe c ie s  compo s ition of the benthic fauna over the whole 
lake , toge ther with s imLf:.ar water quality for the whole lake , re inforce 
.indications that the lake- is fairly uniform and cons is tent in its 
l imnological charac teristic s . 
Since the purpo s e  of this s tudy was to de termine the water quality 
of the lake "and to de term�e the taxonomic affinitie s of the various 
benthic forms , quantitative sampl ing was no t done . Had quantitative 
c olle ctions been made ,  a more de tailed interpre tation of the dis tribution 
and abundance of the organisms would have been po s s ible . 
Table 3 repre s ents a l i s t  of s pe c ie s  c ollec te d  and an abs ence­
pre sence relationship be tween the organisms and the sampl ing s ite s over 
the s tudy per iod . The compilation in the appendix giveis the spe c if ic 
weeks that the organisms were colle cte d  at each s ite o  The se lis ts yield 
some indication of spe c ie s o c curence but were primarily intended to serve 
a� a baseline for future work on the benthic fau..�a of Lake Charle s ton . 
· It is my intention that thi s  paper s erve to evoke fur ther studie s on this 
fauna dealing perhaps wj.th quantitative aspe cts ., 
.,..... 
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O c cUITence of the macro:invertebrate fauna at five s ite s on Lake 
Charleston, Cole s County, Ill:ino is . Numbers :in parenthe se s :in-
d i cate s ite and follow:ing numbers :indicate the weeks that the 
organ:islns were colle cted at that s ite .  
W 1 = 1 4 March 
W 2 = 20 March 
W 3 = 28 March 
W 4 = 9 April 
W 5 = 1 1  April 
W 6 = 1 9 April 
W 7 = 26 April 
w 8 - 3 May 
De capoda 
w 9 = 1 1  May 
W1 0 = 1 8  May 
W1 1  = 24 May 
W1 2 = 31 May 
W1 3 = 8 June 
W1 4  = 1 4 June 
W1 5 = 21 June 
W1 6 = 28 June 
W1 7  = 3 July 
W1 8 = 1 2 July 
W1 9 = 1 9 July 
W20 = 26 July 
W21 = 2 August 
W22 = 9 August 
W23 - 1 7  August 
W24 = 24 August 
W25 = 30 August 
W26 = 5 September 
juvenile A s ta c id ( S� ) 9 , 1 0 , 1 1 , 1 4, 1 5 ;  ( S2 ) 1 1 ; ( S3 ) 1 6 ; ( S4) 1 8 ;  ( S5 ) 1 1  
Palaemone te s  kadiakensis ( S1 ) 8; ( S2 ) 7, 1 1  ; ( S3 ) 7 
Amphipoda 
Bactrurus mucronatus ( S3 ) 1 
Crangonyx sp . ( S1 ) 2, 5 , 7; ( S2 ) 3 , 5 , 6 , 7, 1 1 , 1 6 , 1 9 ; ( 83 ) 4;  (85 )  4 
Gannnarus . sp.  ( 82 ) 4 
Hyalella az te ca ( S1 ) 4, 5 , 6, 7, 8, 1 0, 1 1 , 1 2 , 1 5 ; (82 ) 1 , 4, 5 , 7, 1 1 , 1 4, 1 6 ; 
( S3 ) 3 , 7, 1 5 , 1 6 ; ( s4) 2, 7; ( 85 ) 4, 5 , 7, 9 , 1 1 , 1 2, 1 7 
Isopoda 
Asellus sp.  
O stracoda 
( S1 ) 1 5 
· unidentified spe c ie s  ( 83 ) 23 
Ephemeroptera 
Caenis sp. ( S1 )  3 , 4, 6, 7, 8, 1 0 , 1 1 , 1 2, 1 5 , 1 6, 1 7; ( S2 ) 1 , 3 , 4, 5 , 6 , 7, 8, 9 , 1 1 ,  
1 2 , 1 4, 1 6; ( S3 ) 1 , 2 , 3 , 4, 5 , 6, 7, 8, 9 , 1 0 , 1 1 , 1 2 , 1 6, 20 ; ( S4) 1 , 2 , 
3 , 4, 5 , 6, 7, 8, 9 , 1 0 , 1 1 , 1 2 , 1 7 ; ( S5 )  2, 3 , 4, 5 , 6, 7, 8, 1 0 , 1 1 , 1 2 , 1 3 ; 
1 7, 21 
Ephemeroptera-- continued 
Bae tisca sp . ( S4) 7, 1 0 
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Hexagenia sp . ( S1 ) 6, 7, 9, 1 0, 1 1 , 1 2, 1 3 , 1 4, 1 5 , 1 6, 1 7, 1 8, 1 9 , 20 , 21 , 22, 24, 
25 ; 26; ( S2} 1 7, 1 8, 1 9 , 20 , 23 , 24; ( S3 ) 1 9 , 23, 24; ( S4) 2 ,  
3 , 6, 8, 1 6, 1 8, 1 9 , 20 , 21 , 22, 23, 25 , 26 ; ( S5 ) 2 ,9 , 1 1  
Stenonema sp . ( S1 ) 1 2, 1 6 ; ( S3 ) 7, 1 6; ( S4) 6, 7, 1 0 , 1 2, 1 3 ;  ( S5 ) 4, 7, 1 1  
unidentified spe c ie s  ( S1 ) 1 8  
Hemiptera 
Plea std.ola ( S3 ) 1 0 ;  ( S5 ) 1 6  
Ranatra sp . ( S1 ) 1 5 ;  ( S2 ) 7 
unidentified Corixid 
Coleoptera · 
( S1 ) 2 ,4, 5 , 7, 8, 9 , 1 2, 1 3 , 1 7, 22 ;  ( S2) 1 , 2 , 3 , 4, 5 , 6, 
. 7, 8, 9 , 1 0 , 1 1 , 1 2, 1 3 , 1 4, 1 5 , 1 �, 1 7, 1 8, 21 , 22, 23 , 25 , 26 
( S3 ) 2 , 4, 6 , 7, 8, 9 , 1 0 , 1 1 , 1 2, 1 3 , 1 4, 1 5 , 1 6, 1 9 , 20 , 22,  
23 , 24, 25 , 26 ; ( s4) 3 , 4, 5 , 6, 7, 8, 1 0 , 1 2, 1 4, 1 5 , 1 6, 1 7, 
1 8, 1 9 , 20 , 22, 23 , 24;  ( S5 ) 1 , 3 , 4, 5 , 6, 7, 8, 9 , 1 0 , 1 1 ,  
1 2, 1 3 , 1 1,1 s, 1 9 , 20 , 21 , 24, 25 
Bero sus s tr iatus ( S1 ) 2 
Haliplus sp . ( S5 ) 1 1  
Laccophilus sp . ( S1 ) 1 7 
Stenelmis sp . ( S1 ) 4, 5 , 1 0, 1 4, 1 5 ; ( S2) 2 ,3 , 6, 7, 8, 1 1 , 1 6 ;  ( S3 ) 7, 1 1 ; 
( S4) 7, 1 5 , 1 7; ( S5 ) 7, 9 , 1 1  
Ple coptera 
Perle s ta sp .  ( S1 ) 1 2, 1 5  
unidentified spe cie s ( S3 ) 7 
. -84-
Trichoptera 
Leptocerus amer icanus ( s4)  3 
Leptocella sp.  ( S1 )  1 0 , 1 1 ,  1 4; ( S2 ) 9 , 1 1 ,  1 2 , 1 6; ( S3 )  1 , 4, 6; ( S4) 7 ; 
( S5 )  3 , 4 
Oecetis sp. ( S2 ) 7; ( S3 ) 20 
P olycentropus sp.  ( S1 ) 6 ;  ( S2 ) 1 
unidentified spe c ies 
Odonata 
( S1 )  7 
Argia sp. ( S1 ) 1 1 , 1 2 ;  ( S4) 1 
Coenagrion sp .  ( S2 ) 5 
Enallagma sp. ( S1 )  6, 8, 1 0, 1 2 ;  ( S2 )  7, 1 1 , 1 2 , 1 4, 1 5 , 1 6; ( S3 )  1 2 , 1 3 , 1 8, 
23 ; ( S4) 3 , 6, 7, 1 0 , 1 1 , 23 ;  ( S5 )  4, 5 , 9 , 1 8  
Go mphus sp. ( S1 )  1 1 , 1 2, 22, 23 ; ( S3 )  13 , 22;  ( s4) 1 5 , 1 8; ( S5 )  19 
Ischnura sp .  ( S1 ) 4, 5 , 6, 7, 8, 9 , 1 2 ; (S2) 1 , 5 , 7, 1 6 ; ( S3 )  3 ;  ( S4) 1 , 7 ; 
( S5 )  3 
Ophiogomphus sp.  ( S4) 2 
Macromia · sp. ( SJ )  1 
D iptera 
Ablebe smyia sp. 
Chaoborus sp . 
Chironomus sp . 
( S1 )  9 , 21 ;  ( S2 )  1 6, 1 7, 1 9 , 20 ; ( S3 )  1 3 , 14, 26; ( S4) 3 ,  
6, 1 6, 1 7, 24; ( S5 )  2 
( S1 )  1 9 , 23 ; ( S2 ) 3 , 4, 8, 9, 1 1 , 1 5 , 1 8, 21 , 23 , 24; ( SJ ) J ,4, 
5 , 6, 7, 8, 1 1 , 1 2 , 1 5 , 1 6, 1 7, 1 8, 22, 23 , 25 , 26 ; ( S4) 6, 8, 1 1 , 1 4, 
1 5 , 21 , 25 , 26 ;  ( S5 )  5 , 1 1 , 1 7, 20 , 26 
( S1 ) 2 ,J , 1 9, 22, 23 ;  ( S2 )  2 , 3 , 4, 5 , 1 6, 1 9 , 21 , 22, 23; ( SJ ) 1 , 
2, 3 ,4, 6, 1 6, 1 8, 1 9 , 20 , 23 , 25 , 26 ; ( s4)  1 , 2 , 3 , 5 , 6, 1 6, 1 8, 20 ,  
21 , 22, 23 ;  ( S5 ) 1 , J, 1 9 , 20, 21 , 22, 23, 25 , 26;  
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D iptera--continued 
Clinotanypus sp. ( S2 ) 1 0, 1 1 ;  ( S3 ) 1 0 ;  ( S4) 3 
Coelotanypus SP o ( S1 ) 2 ,3 ,4, 20 ;  ( S2 ) 5 , 1 2 , 1 3 , 1 5 , 1 6, 1 7, 1 9 , 20 , 22, 24, 
26; ( S3 ) 8, 1 2, 1 3 , 1 5 , 1 6, 1 7, 1 8, 1 9 , 20 , 21 , 22, 23 , 24, 25 , 
26 ; ( S4) 8, 1 3, 1 4, 1 5 , 1 6, 1 7, 20 , 21 , 24, 25 ; ( S5 ) 1 1 ,  1_3 ,  
1 4, 1 5  
Cr icotopus sp. ( S1 ) 6, 9  
Cryptochironomus sp. ( S1 ) 4, 5 , 7, 1 5 , 1 8, 1 9 , 20 , 23 , 24, 25 ; ( S2 ) 1 , 2 , 3 , 7, 
8, 1 0 , 1 1 , 1 2, 1 J , 1 6, 1 8, 20 , 21 , 2J , 25 , 26 ; ( S3 ) 1 , J , 
4, 5 , 6, 8, 9 , 1 0 , 1 1 , 1 2, 1 4, 1 6, 1 7, 1 8, 1 9 , 20 , 22, 2J , 24; 
( S4) 1 , 2, 3 , 4, 5 , 6, 7, 8, 9 , 1 0 , 1 2, 1 J , 1 4, 1 5 , 21 , 22, 
2J , 26 ; ( S5 ) 1 , 2, J , 5 , 6, 7, 8, 9 , 1 0 , 1 J , 1 5 , 1 6, 1 7, 1 8, 
20, 22, 2J , 24, 26 
Dicro tendipe s sp. ( S1 ) 7, 8, 9 , 1 2 ; ( S2 ) 1 , 1 5 ; ( SJ ) 1 ;  ( S4) 1 8, 1 9 ,  
( S5 ) 5 ,  1 9  
Endo chironomus sp . ( S1 ) 9 ;  ( S2 ) 7 ;  ( SJ ) 1 , 2, 6 ; ( S5 ) 8 
Enf eldia sp. ( S2 ) 1 3 , 1 4, 1 8, 26 ; ( S3 ) 20 , 2J ; ( S4) 21 
Glypto tendipe s sp. ( S1 ) 2, 4, 5 , 1 0 , 1 1 ;  ( S2 ) 6, 7; ( S3 ) 1 , 2, 4, 5 ; ( S5 ) 2 
Harnischia sp. ( S1 ) 1 6, 26; ( S2 ) 1 3 , 1 4, 1 6, 1 7, 1 8, 20 , 22, 23 , 24, 26; 
( S3 ) 1 4, 1 5 , 1 8, 1 9 , 21 , 23, 24, 25 , 26; ( S4l 1 5 , 1 6, 1 7, 1 9 ,  
21 , 24, 25 , 26 ; ( S5 ) 1 7, 20 
Micropse c tra sp. 
Orthocladius sp , 
Paracladopelma sp. 
( S3 ) 4 
( S5 ) 1 
( S4) 8 
D iptera--continued 
Palpomyia sp . 
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( S1 ) 2 ,4, 5 , 6, 8, 9 , 1 0, 1 1 , 1 2 , 1 5 , 1 6, 1 9 , 20 ;  ( S2) 1 , J , 4, 5 , 
6, 8, 9 , 1 0 , 1 1 , 1 J , 1 4, 1 5 , 1 8, 20 , 22, 2J , 24, 25 ; ( SJ ) J , 6, 7, 
8, 9 , 1 0 , 1 1 , 1 J , 1 5 , 1 6, 1 9 , 22 , 2J , 25 ; ( s4) 1 , 2, J , 4, 5 , 6, 7, 8, 
9 , 1 1 , 21 ;  ( S5 )  1 , 7, 8, 1 0, 1 4, 1 6, 1 7, 21 , 
Paralauterborniella sp . ( S1 ) 1 1 ;  ( SJ )  1 J ;  ( S4) 1 4  
Phaenopsectra sp. ( SJ ) 7, 22 
Polypedilum sp . ( S1 ) 4, 5 , 8, 1 0 , 1 6, 1 7, 1 8, 20, 21 , 22, 24, 26;  ( S2 )  1 , J , 6, 
8, 9 , 22 , 2J , 24;  ( SJ ) 2, J , 4, 5 , 6, 7, 8, 9 ,  1 0 ,  1 1 ,  1 4, 1 8, 20 ,  
21 , 22, 24;  ( S4) 1 , 2 , 4, 5 , 6, 7, 9 , 1 0 , 1 1 , 1 2, 1 6, 1 7, 1 8, 20; 
( S5 ) 1 , 2, J , 6 , 7, 8, 9 , 1 0 , 1 1 , 1 2, 1 J , 1 5 , 1 6, 1 7, 1 8, 1 9 , 20, 
21 , 22, 2J, 24, 25 
Procladius sp . ( S1 ) 4, 7, 8, 1 1 , 1 2 , 1 6, 1 7, 1 8, 2J, 24, 25 ; ( S2 ) 1 , 2, 3, 6, 7, 9 , 
1 0 , 1 1 , 1 2, 1 9 , 20 , 21 , 22, 2J , 24, 26 ;  ( SJ ) J , 4, 8, 9 , 1 0 , 1 1 , 1 2, 
1 5 , 1 6, 1 8, 20 , 22, 24, 26; ( S4) 6, 7, 8, 9 , 1 1 , 1 2 , 1 J , 1 4, 1 8, 21 ,  
24, 25 ;  ( S5 ) 7, 9 , 1 0 , 1 1 , 1 2, 1 4, 25 , 26 
P s e ctro tanypus sp.  ( S1 ) 1 , 2 ; ( S4) 2 
P s eudo chironomus sp . ( S2) 5 ;  ( S5 ) 1 , 5 
Tanypus sp. 
Tanytar sus sp. 
Tribelos sp . 
( S1 ) J 
( S1 ) 1 , 6, 1 0 , 1 4, 22 , 2J ; ( S2 )  1 , 1 2 ; ( SJ )  1 , 7 ;  ( S50 7 
( S1 ) 6, 1 5 , 1 7, 1 9 , 21 , 2J ;  ( S2 ) 1 , 2, 4, 6, 1 9 ;  ( SJ )  1 1 , 1 2 ;  
( S4) 5 ;  ( S5 )  5 , 6, 1 7, 1 9 , 21 
unidentifie d c!1ironomid ( S1 ) 6 , 1 1 , 1 J, 26 ;  ( S2 ) 7, 8, 9 ;  ( SJ ) 4, 21 ; 
( S5) 7 
Gastropoda 
Physa sp.  ( S1 ) 2 ;  ( S2) 2, 1 4, 20 ;  ( SJ )  5 
-'6(-
Pelecypoda 
Immature Unionid ( S4) 1 , J ;  ( S5 ) 2, 7 
Sphaerium sp . ( S1 ) 6 , 1 9 , 20 ; ( 32) 4, 7, 1 2, 1 6, 1 9 , 21 , 24, 25 ;  ( SJ ) 9 
( S4) 1 1 , 1 2 , 1 J , 1 4, 1 8, 1 9 , 20 , 21 , 24;  ( S5 ) 5 , 6, 1 2, 
1 3 , 1 4, 1 5 , 20 
Oligochaeta 
Branchiura sowerbyi ( S1 ) 1 , 2,3 , 7, 1 1 , 1 2, 1 J , 20, 22, 23 , 24, 26;  ( S2)  2 ,  
3 , 8, 1 0, 1 1 , 1 2 , 1 6, 21 , 22, 23 , 24, 25 ; ( SJ ) J , 5 , 1 0 , 1 3 ,  
1 6, 1 7, 1 9 , 20, 22, 23, 24, 25 , 26 ; ( 84) 1 , 2 , J ,4, 8, 9 ,  
1 4, 1 6, 1 9 , 21 , 22 , 2J , 24, 25 , 26 ; (85 )  5 , 8, 1 0 , 1 3 , 1 5 , 
1 6, 1 8, 20, 24, 26 
Jlyodrilus templetoni · ( 84) 1 1 , 1 2 
Limnodrilus cervix ( 81 )  1 , 3 , 1 0 , 1 2 , 1 3 , 14, 1 5 , 1 6, 23 ; ( S2 )  2, 3 , 8, 1 5 , 
1 6, 20 , 23 ; ( SJ ) J , 6, 9 , 1 0 , 1 3 , 1 4, 1 5 , 1 8, 1 9 , 23 ; 
( S4) 2,J , 4, 7, 1 1 , 1 2, 1 3 , 1 4, 26 ;  ( S5 ) 2, 1 4  
Limnodrilus claparede ianus ( 81 ) 1 0, 1 2, 1 5 , 1 6 ;  ( S2 ) 1 5 ;  ( 83 ) 3 , 7, 1 0 , 
1 3, 1 4, 1 5 , 1 9 ; ( 84) 3 
Limnodrilus hoffme is teri ( 81 ) 1 , J , 7, 8, 1 3 , 1 5 , 1 6 , 23 ; (82) 3 , 6, 1 0 , 1 5 ,  
2J ;  ( SJ ) 1 ,J , 4, 6, 9 , 1 0 , 1 3 , 14, 1 5 , 1 8, 20 , 2J ,  
24, 25 ; ( s4) 2, 4, 7, 8, 9 , 1 1 , 1 2 , 1 J , 1 4, 1 6 ; 
( 85 ) 1 4, 1 5 , 1 6  
Limnodrilus udekemianus ( S1 ) 4, 5 , 7, 1 4, 22 ; ( S2 )  3 , 20 ; ( S3 ) 4, 5 , 6, 9 , 
1 5 ; ( S4) 1 , 2, 4, 8, 9 , 22, 2J ;  ( S5 ) 2, 5  
Lumbriculus varie gatus ( S1 ) 1 , 2, 7, 1 5 , 1 9 ;  ( S2 )  6 , 1 3 , 1 6 ; ( SJ )  7, 26 
Nais communis ( 31 )  2, 4, 1 1 , 1 J , 1 7, 20 , 22 ; ( S2 ) 1 5 ; ( S4) 1 1 
Nais s implex ( S1 )  1 , 2, 4, 8, 1 0 , 1 1 , 1 2 , 1 4, 1 6, 1 7, 20 , 23 ; ( S2 ) 1 1 , 21 , 2J ; 
( SJ ) 1 , 7, 1 9 , 20 , 23 ; ( s4) 1 1 , 25 , 26; ( S5 ) 5 , 8, 1 4, 20 
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Diptera--continued 
Pelo scolex ferox ( 82) 25 ; ( 84) 8, 1 2 
Pelo s colex freyi ( 83 ) 1 8  
Tubifex tubifex ( 81 ) 1 , 2, 3 , 4, 5 , 8 , 1 5 , 22 ; ( 82) 1 5 , 1 6, 22, 24; 25 ; 
Rhynchobdellida 
Helobdella sp . 
Hydracarina 
Koenikea sp . 
Limne s ia sp . 
· Neumania sp . 
( S3 )  1 , 4, 5 , 1 0 , 1 3 , 1 4, 1 6, 1 7, 25 , 26 ;  ( 84) 4, 7, 8, 1 4, 
22, 23 , 26; ( 85 ) 2, 1 5 , 1 6, 1 8, 20 
( 81 )  1 3 ; ( 82) 5 ; ( 83 )  20 
( 81 )  1 3 
( 85 )  4 
( 81 )  1 0 , 1 6 , 22, 24; ( 82 )  6, 7, 9 , 1 0 , 1 1 , 1 2, 1 4, 1 5 , 1 9 , 20 , 21 , 22 ; 
( 83 ) 2, 6, 7, 9 , 1 0 , 1 3 , 1 4, 1 5 � 1 6, 20 , 22, 24; ( 84) 3 , 7, 8, 9 , 1 5 , 
22, 23 , 24; ( 85 )  2 , 4, 5 , 6,9 , 1 1 , 1 3 , 1 6 , 1 8, 24, 26 
